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INTRODUCTION. 
LOCATION AND AREA. 
Keokuk county lies in the southeastern portion of the state, 
and is bounded Oll the north by Jasper, Poweshiek and Iowa 
counties, on the east by ·Washington, south by 'Vapello and 
Jefferson, and west by :Uahaska. It is nominally twenty-four 
miles square, but owing to errors in the earlier surveys it con-
tains slightly more t.han that area, having in all about 370,000 
acres. 'fhe county presents a considerable diversity of geolog-
ical details. 
PREVIOUS WORK. 
For a county so well supplied with mineral wealth, there is 
a remarkable dearth of information regarding itsgeologicstruc-
ture. The wodi" of the earlier SUl'\'eys under Owen and Hall 
was not extended into this couuty. ·White* made reference to 
the presence in it of both coal measure and sub-carboniferous 
rocks, but no detailed work was doue by him in this region. 
Gordoni' has published notes upon the stmta passed through in 
the deep well at Sigoun~eY. 'Vith these two exceptions noth-
ing had been published npon the geology of this county previous 
to the Ol'ganization of the pl'~sent survey. 
PHYSIOGRAPHY. 
TOPOGRAPHY. 
If OlIe had a topographic model of this cOlluty to examine, 
probably the most notable feature exhibited by it would be the 
broad contrast between the northern and southern portions. 
In general the whole county may be considered an approxi-
mately level plaiu into which the streams have cut their val-
leys. The greater number and larger size of the streams in the 
southern partl however, cause it to appear rough and broken, 
and while this is naturally more marked in a detailed than in a 
geneml waYl it does not entirely disappear even when the gen-
eral view is considered. 'flll1s it happens that the northerll and 
'Geology or Iowa, '·01. II, p.261. Des )ILilles, 1870-
tAmerlcan Geolo;:lst. \"ol.IY. pp. ~r._~'3'J. )Ihmeapolls, lEe~. 
20QRcp 
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northeastern portions of the county are predominantly upland 
as compared with the remailldel', 
This 1l0lthern pOltion presents to view a broad open plain 
rising in a succession of low billows varying usually from ten 
to twenty.five feet in height and succeeding each other at 
intervals of from one-quarter of a mile to one mile in distance. 
Sharp contours are rare except in the immediate vicinity of the 
.treams. The land rises gently from 875 feet above sea level at 
the east to 910 at the west county line. Across this plain the 
FIgure 27. Topograpll!C map of the region near Rowley's mine, north ufSlgourney. ContOlJrs 
10 feet: scale21ncbes tothemlle. 
streams run in direct courses, with nalTOW valleys bounded by 
low rounded bluffs and bordered by a fringe of timber which· 
becomes a notable feature of the landscape. 
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In the central and southerll parts of the county ,the topog-
raphy becomes more rugged. The number of streams hore 
increases and they with their feeders hit "e cut deeper channels. 
The country is more wooded and the landscape loses its sim-
plicity. Along the st.reams deep gorges and high hluffs alter-
nate with broad savannas. Sharp contrasts are presented and 
all the results of the long actioll of <t complex delltritic system 
of drainage are encountered. Yet through aJI whenever a com-
manding view may be obtained the general aspect of the plain 
is still presented. A noteworthy fact is that whell in the south-
ern portion of the county a plain is encountered, it is exceed-
ingly level. In detail it shuws 110 great difference in elevation. 
It stretches away in places three or foUl~ miles without a change 
in altitude of more than ten 01' a dozen feet. As the streams 
are approached there is a greater l'llggechiess than in the 
northern area. Differences of fTOIll twenty-five to one lnmdred 
and twenty-five feet are met with ill as many yards or eveH 
feet; and a succession of ridges and hills succeed one another, 
each lower than the other until tho stream is reached. The 
contrasts of this region are well shown in the profile of the 
section from Keota to Atwood (figure 3, plate viii) and a 
characteristic example of the relief of the region is shown in the 
annexed map. 
The mean elevation above sea level for the entire county is 
in the neighborhood of SOD feet. The greatest elevation now 
known is 9lO feet, and the lowest 657 feet. The difference 
between any two points is nowhere great. The following table, 
in part compiled from xailroad levels and in part determined 
during the course of the present survey, exhibits the levels of 
the principal towns and villages as well a.s of some other points 
of geological interest. In each case the authority upon which 
the figures are based is given. 
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Table of Elcnltiol/s. 
11 OJ 
Atwood _~ _____ . ___ ~ ._._ ._._ .... _._. __ .. _. ___ . _____ _ 
Atwood quarry. ______ . __ • ___________________ . _____ _ 
I3ridge creek east of Si~oUl'ney _._. ________ •. __ .'. __ 
E~1{~~Cc~;~kkaro~;gs~~iia~uR~el-& -p~; ib·I~~-m-iJes 
721 I C., R. I. &- P. 
738 C., R. I. & P. 
093 C., R. I. & P. 
713 C •• M. &; St. P. 
eastol Delta. __ ._. __ .'._+ .. _________ ._. ______ 603 
Clear creek at. crossing C., R. I & P _______________ . 743 Culm. ___ . ___________ . ____________ . ________ . _______ . 74,'j 
Delta _____ . _________ . ___ ._. ____ ._ .. ____ • _____ • ____ . 802 
~~~\i~1::n;r~.~i:c~~~ _~~ .. !~~ _f.l~O_U:_ ~~~~.~~~:: =: :::: :::: ~l~ 
~~~~l:l~' creek at el"Os.s~~~ ~.~.~:_~._~~~:::=:::::==:: ~~g 
~~~~i~·~Ile- __ . __ .... __ ... __ ... _ .. ____ ._ ..... ___ . __ ~~~ 
Highlaml between German Hnd Bridge creeks three 188 
miles east of Sigourney. _____________ • _________ 808 
Keota ___ . ________ . ______________ • ________ • ______ ._ 876 
Keswick _ .. _. _______ .. __ . ____________________ ._._.. 192 
Rinross ____ . ____ ._._ .. ____ .. ___ . ___ . __________ .. 
Nassau. _______ • _____________ . ________ ._ ..... ____ . 900 
North English • ____ . ______ . _______ . __ • ____________ 7U--l 
North Skuuk, Atwood ______ . ______ .",. ______________ . O\1;j 
North Skunk. Delta milL ______ ........ ____________ 682 
Nortb Skunk, South Sigollrney _____ • __ • __ .. _______ 658 
Nugent . ____________________ . __ . _________________ 833 
Pekin ____ . __________ . _____ . ____ .• __ . ___ .• _________ 865 
Shm\-man __ __ _ . ______________________ 691 
Sigourney __ .________ _ ____ .. _________ {~~ 
South English .. _____ . _______ ... _____ .. ________ S4--! 
SOHth Skunk, :North Hedrick (bridge O'i1.) ________ 657 
Thornburg .. _______________________ . __________ .__ 88'2 
Tilton ______ . __ . ___ . _____ . ____________ • _________ . 84!J 
Web5ter _ . __ . _____ ..... _____________________ ._____ Sfi2 
\Vest county line one mile west of Nassau .. __ .______ 910 
I,TJO 
. -- ----- ------.----------. /788 What Cheer __ 
DRA.INAGE, 
C.,R.I.&P. 
C., R. I. &; P. 
C., )1. &, St. P. 
C .• R. r. &: P. 
B., C. R. & N. 
C.,::\r.<Y;St.P. 
C., R. & 1. P. 
C., R. I. &- P. 
C.,}'l.&St.P. 
C., M. &St. p. 
C.,ll. r. & P. 
C., R. I. & P. 
B., C. R. &- N. 
B.,C.R.&N. 
B.,e.B.& N. 






C., M. &, St. P. 
C., R- I. &- P. 
C.,)L &St. P. 
H., C. R. & ):f. 
C .• )L &- St. P. 
~:'f\r\\~ N. 
tt, C.R. &- N. 
B.,D.n &. N. 
B., C. R. &- N. 
O.&N. 'V. 
The drainage of the county is quite unequally divided 
betweel) two systems. rrlte northern tier of townships contrib-
utes to the South Euglish river which forms a branch of the 
English riYer system, while the English river is itself tributary 
to the Iowa. This system drains in Keokuk county an area of 
about 100 squRl'e miles, all within the uOl'thm'n tier of town-
ships and distributed approximately as follows: 
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S(~t:AlU: MU.E5. 
Liberty township ____ • _____ •. ___ ••••• ___ ••. __ . ____ •• _._ 30 
English HiveI' towllshilJ __ •.•..•• ____ .. ______ . ___ •• _._ •• __ 2!l 
Adams tOl'mshill._._ .• ___ ••. __ .•• _____ .•••. _ •••.. __ .. _ .•. 2! 
Prairie township __ ._ • ___ ._ •. ________ • _______ •... _________ 20 
].'igurc:!S. Sketch nmllsiluwing- the dr-.I.i""gc of ]{cokllk county. 
The streams of this system Howing iu Keokuk county com· 
prise South English, Little creek, Smith creek and a few minor 
tributaries of South, Euglish river. The main stream enters 
the county at the northwest corner and, flowing first slightly 
south of east, and later returning north, crosses the east county 
line near the north extremity, withbut ha\'ing at any place 
wandered more than three or four miles from the northern 
boundary. Through its entire course it meanders but slightly 
from its main direction. In a more minute consideration it is 
2M GEOLOGY OF KEOKUK COUNTY. 
to be noted that the ri\'er makes but few bends and that these 
are small. A general absence of broad bottoms, of ox-bows, 
lagoons and of high steep bluffs, is also noticeable. Another 
stliking characteristic is the small number and small size of 
tributaries, these rarely being more than fi\'e miles in length 
and of such insignificant size as scarcely to deserve an ilJde-
pendent name. Few outcrops of rocks occur alOllg its course, 
only oue 01" two heing known, 'J'he alluvium of the bottoms is 
confined to a shallow, narrow area in the immediate vicinity of 
the stream. rrhrough the greater part of its course the stream 
runs over drift which also forms its bank and rises with rounded 
contmll's from twenty-fhe to one hundred and ten feet above 
the water level. The watershed between the English and 
Skunk rivers follows the former closely and recedes from the 
laUeI'. The Skunk has sent out long arms which drain terri-
tory apparently properly belonging to the South English. All 
these facts poi:nt to one conclusion; that the South English is a 
comparatively young stream. It seems clear that the ol'igin of 
this river dates from postglacial times. 
'fhe watershed betweel1the twol'iver systems of this county is 
not a marked topographic feature. Indeed it might be crmised 
again and again without attracting attention. The upland prai-
ries are, as has heen sa.id, of considerable regularity. A careful 
scrutiny is all that reveals the direction of the drainage. On 
the whole it is noticeable that the country slopes gently to the . 
south from the divide. Numerous broad, shallow vaneys open 
out in that direction.' Ou the other hand toward tho north tho 
prairie l'emains 1e\'el up to almost the very brink of the South 
English river; the tributary streams being small and unimport-
tanto In this regard the Sonth English ri\'el' shows weH the 
characteristics of the ri\'el's of the loess-drift region as pointed 
uut by McGee'" in that it is a river with a long, narrow basin, 
and flows along the southern edge of a gently sloping plain. 
The greater part of the drainage of the county is effected 
through the Skunk river. ~I.'his includes within the limits of 
the couuty path the North and South Skunk branches which 
unite about foul' miles f!'Oill the east county line. Both 
~F.ll·'·enth Annual i(ep. U. S. Gwl. 5IHI·., 111.1 .. PI', ~n-.J15. Was]lington, tEll.!. 
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forks of the river recei\'e Humerous tributilries. Among 
those flowing into the North Skunk are German creek, Bridge 
ureel{ and Cedar creek. Iuto the latter How \Vhiskey Run, 
Coal, Rock and Smith creeks. Sugar creek, Steady Run and 
Rock creek How into the South Skunk; while East Cedar, 
Crooked and Richland cl'Ccks eventually find their way into the 
main river. Most of these streams are rather large and import-
ant, cutting their wa.y below the general level to a consider-
able depth. German creek, four miles above its mouth~ is 
nearly 250 feet below the adjoining.llplands. Between German 
and Bridge creeks the land is 115 feet above German creek, uut 
Bridge creek lies over 100 feet below this leve1. Cedar creek is 
more than 200 feet lower than the upland upon which the town 
of Delta is built, and the Skunk riv~r is about 120 fcet below 
Sigournoy. thongh that place is fifty feet below the general 
level of the upland east of it, and 100 feet or DIore below the 
high prairie of the IlOlthern palt of the county. 
In considering the Skuuk river all the features mentioned 
ill connection with the English river are found absent. (1'he 
Skunk exhibits a notable sinuosity. Neither in general nor in 
detail is its course straight. It turns and twists in a most COlll-
plex manner. It has a large number of deep and important 
tributaries which reach out and drain approximately 47G square 
miles in this county. Dl'Oad, alluvial bottom lands, from two 
to six miles wide, ,vith shallow lakes or ponds, bayous and 
ox-bows are not infrequent. Numerous rocky outcrops are 
found, and these are cut through, forllling in places high, pic-
tUl'esque bluffs. 'l'here are evidences at numerous points of 
changes in the positioll of the channel. 'l'hc river has been 
throWllllOW to Due sidealld again to the other. It hasinplaces 
made cut-offs, leaving what were ~mce islaniJs, but now appear 
only as isolated hills in the midst of the flood plains. An inter-
esting example of this is seen nodh o[ Richland. At this point 
the river formerly ran nearly a mile north of its present chan-
nel. The change made has left a small hill rising out of the 
flood plain. 
There is little evidence in this region showing that these 
changes are due to reoccupation of a preglacial channel. No 
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evidence of a. larger channel cut out ill the limestone and filled 
in with drift has been noted in this county. The stream seems to 
nave cut its present channel since t4e drift was laid down. 
This is of interest in view of the considel'ablesizeof the stream, 
and the complex drainage system which must have required for 
its development a considel-able time; a period in excess of that 
required by the stl'Cams in the 1l0ltherll part of the county. 
STRATIGRAPHY. 
General Relations of Formations,. 
The surface materials of the county are almost entirely of 
glacial Oligin. The areas aVe!' which the the hard, underlying 
rocks are exposed are 1imi~ed, and are confined chiefly to the 
bottom of the principal streams. Away from tbese the d,ift 
almost completely conceals the indul'ated l'Ocks. The geologi-
cal formations present in the county and their stratigraphic 
relations, ma.y be best shown by the subjoining synoptical 
table. 
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DEEPER STRATA. 
As will be seen from the auove the range of geological time 
represented by the rocks exposed ,vithin the limits of this 
county is not great. In all, but two of the great periods are 
represented, and knowledge of the earlier history of the county 
can only be derived from deep borings. 
During the summer of 1888, a deep well was drilled at 
Sigourney*. Captain Parker, who was at that time mayor, 
carefully presened samples of the difIcrent strata passed 
through. 'rhese samples have recently been re·examined, and 
form the basis of the following notes. While the nnreliability 
of records derived from the ordinary or churn drill is fully 
recognized, it is believed that the care with which these samples 
were se1ected and preserved, at least considerably reduces that 
element of douht as to the correctness of the record. Previous 
accounts of this record have been published in the local n6Wfl· 
papers. Recent studies in this region, as well as a revision 
Qf the material, give considerable information not available at 
that time. 
The following table represents the record as recently 
determined, as well as the interpretation: 
1- 98 Earthy matter ......................... US Drift_ ......•••.• 93 
98- ]20 Limestone, impure, earthy __ ._... ....•• 22 
120-135 Limestone, cherty .......... _ ........•.. ~5 
lilb- 155 Shale, cnlcnrcolls .... _ ......... _ ..•. _ .. 20 
155--c 16,) LimcstOnl3and shalc .... _ .... _........ 10 
1&5- 1 iO Limestone, h:u'd, bluish groy 5 
170-181 Limc~tonc, cherty, light __ .• _ .... _. __ •. ]i Saint Louis __ . 89 
187- 189 Shale_ ... ___ ...••• __ ..•. _ ... _ 2 
189-- 314 Limestone, hard, white with brown par· 
ticles ._ .. _ .. _. ____ ...•. ____ ••.••..• 12.'5 
314- 315 Shale, dark green._. ___ . ___ . 1 
315- 3.'iG Lime~tonc, greyish white to drab, nyn-
chonclla at 3-l2 feeL ............ _... -II . Augusta ._. _ .. '. HiS 
:ml3- 554 Shalc, ~oft, grcen_._. . .....•.. lOS 
55-1- 556 Limestone _ ... _ ..• _ ......... __ ......... 2 
556- 58.'> Shale, soft, green. __ ......•.. _ .••••..• i!l Kindorhook .. _ •. 229 
585- 83..'1 Limestone _ ••• _ ••.•... __ ...•.. __ ..•••.. 250 Devon!an _ .....• 2.){) 
8.15- 86.'5 Sandctone .................... _._ .... __ .. :10 
86;1- Si] Limestone ..... _ ...... _ .•...... __ ....•.. n Niagara •. _ ..... 31i 
8il-1030 Shale, blue arg-illaceous_ .. _. __ . ________ 151 ~laquoketa. __ ..• 151 
"I'roc. 100va ,\O:ltI. ~el.. \"01. I, ],\.1,·, ]11).:16-:19. JJeil ~Iojnes, IS)' 
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W3G-12i5 Limestono ._. ___ • ____ . __________________ 245 
1275-1281 Shale___________________________________ !I Tl'enton and 
1281-1315 Limestone . ___________ ~ _________________ 3-t Galena ________ 2S5 
131a-H30 Sandstone _____ . _________________________ 115 Saint Peter. ____ 115 
1430-1117 ________ ._________ _ ___ 287 
1717-1SS8 Limestone ______________________________ 171 Oncot-a. 
A comparison between this and the previously published 
record* shows several discrepancies. The drift is in both cases 
given as 93 feet deep. The next 89 feet is now referred to as 
the Saint Louis, whereas it was formerly regarded as Keokuk. 
There are many reasons for this change. In the first place, an 
examination of the samples shows tha.t the beds are not such a 
single. homogeneous limestone as represents the Augusta of 
this region, but axe made np of alternating bands. of limestone 
and shales such as compose the Saint Louis. It is also worthy 
of note that the particles of limestone preserved are of the fine 
grained, compact character and ash to brown color, so con-
stantly seen in the Saint Louis of this immediate region, and 
not of the coarser crystalline variety shown in the nearest 
exposures of Keokuk. The topographic features also bear out the 
assumption. A line of levels shows that the mouth of the well 
is 118 feet above the bed of the river two miles south of tOWll. 
Saint Louis limestone is exposed along the river, reaching here 
a height of nearly twenty feet, or about what it would be if on 
a level with the stnL.ta found in the wells which are referred 
to the same age. 
The two limestones found in southeastern Iowa, and long 
known as the Keokuk and Burlington, are regarded as mem-
bers of the same formation, to which the name of -Augusta has 
been given. Worthen, in his notes on Washington county, 
cal1s attention to a remarkable thinning out of the Reokuk, it 
being greatly reduced or entirely absent over the regions stud-
ied. 'fhis observation has recently been comp1etely substanti~ 
ated, not only for Washington, but for Keokuk county. These 
facts taken together, all point to the same conclusion: that the 
first eightY~l1ine feet of limestone pierced belongs to the Saint 
Louis, wbile the Keokuk is represented merely in a smaU por-
tion of the upper part of the succeeding 16S feet of strata. The 
*Gordou: Am. Gmloglst, ,..,,\. IV-, pp. 2.r.-2.:I!l. )lllll1eallOIl~, IM'\I. 
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two bands of heavy limestone comprised in tho strata thus 
referred to the Augusta, are closely similar in lithological char-
acter, and resemble the Augusta limestone of the region as 
nearly as call be determined. 
At a depth of 342 feet a fossil Rh!lJlf'/lOm/fa sp. und., was 
brought up, this being the only form preserved. Below this 
point the element of uncertainty becomes greater. 'l'he snc~ 
ceeding 229 feet of shale is probably all referable to the Kinder-
kook. The 250 feet of limestone which succeeds is most prob-
ably Devonian. The succeeding 30 feet of sandstone and (i feet 
of limestone are more probably Niagara, sin(!e Calvin has 
shown that the Niagara at 'Vashington is arenaceous. 
'rhe Maquoketa shale seems, by comparison with neighbor-
ing records to be wellrBcognized. 
The heavy limestone band, 285 feet, succeeding the shale is 
pl'Obably representative of the Trenton and Galena, though it 
seems impossible to draw a good line between them. 
The 115 feet of sandstone which succeeds seems to be the 
Saint Peter. Beneath this for some distance 110 samples were 
obtained as the current of water struck was so strong as to 
wash away all the dri11illgs. The lower portion of the well 
yielded samples which, on examination, proved to be limestone 
as Gordon surmised, and not sandstone as published. This 
seems to clearly prove tha't the well ended in the Oneota, 
though the top of the formation was not definitely located nor 
. was it penetrated, so that its tbiclmess under this portion of 
Iowa is as much a problem as ever. 
STA~DARD SEOTIONS. 
rEbe following sections, chosen from a large number exposed 
within the county, }'epl'eS611t typical exposures of the forma-
tion as occurring here. 
6. Sandstone, Qlta\"t7.0Se, in part calcareolls, .Y~llow, 
solt. .""'_'~'~""_" , ... _ .... ,.'.,._ ....... I! 
5. Limestone, finely hreeciat(ld,.~ ___ ..... _~.~._... 1 
4, Limestone, COU\JllH~t, grey, cherty '~'~~'"_''''' 20 
3. Limestone, earthy, brown, containing numorou6 
chert nodule5 .......... ____ • __ ••. _~ •• __ ~ .•.• lii 
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') Limestone, coar:;c, sub-crystalline, blue and 
grey in color, fossilitCl'(lUS; in ledges 9 to 20 
inches thick, separated hy clay shales 6 to 8 
inches in thickness; bands of chert nodules 3 
FEET. 
to 10 inches thick neal' the top ______________ 26 
1. Lilne;;tone, as aboHl ____________________________ 14 
Number 1 of the abo,\'e section is Augusta and is seen in the 
'Weber quarry near the mill; number 2, also Augusta, is the 
stone formerly worked in the Cook quarry on Rock creek; 
number 3 is exposed above the quarry track and represents the 
Springvale beds; numbel's 4 to 6, representing the Verdi beds, 
are exposed along the railway track erp. 74 N., R. Xl W., sec. 
15, Ne. qr., Nw.l) leading to the Cook quarry. 
Sl:OESI'SEeTIOS. 
(Tp. H N.. U. XII W., s('C.l!!, Ne. '.,,) 
4. Sandstone, soft, with alternating layers of grey 
cherty limestone _____ ~ _________________ . ______ 18 
3. Sandstone, massive, soft _ •• ___ .~ ••• _____ . ___ . _____ 10 
2. Limestone, grey. :flne grained ___ . __ •. __ ._ •.•. _ •• _ 10 
1. Unexposed to water _._ ... ______ ... _ ... ___ •••••• __ 10 
These beds ma.y be recognized as middle Saint Louis (Verdi 
heds) .. They are exposed in an old quarry from which the 
stone used ill the construction of the neighboring bridge over 
Skunk river was evidently taken. 
SECTlON AT SHAFT No.1, WHAT CHEER COAL COlIPANY. 
(Tp. ~G ~., U. XIII W., sL'C.l5. 8w. qr., Nw. !4.) 
FEET. 
4. Drift _______________________________ .. _________ ... 50 
:1. Shale, bituminous, fissilc _____________ .. ___ •...•.. 20 
2. CoaL ____ • ___ • __ •• _. ____________________ • __ ..... __ 5i 
1. Fire clay (exposed) _ .. __ • ___ • ______________ • __ • __ . -I 
Numbers 1, 2, and 3, represent the coal measure deposits of 
the county as characteristically developed, 
TYPICAL OUTCROPS. 
SECTJOS FIVE )111,£8 NnnTH 01' RlenJ,.n,"D. 
(Til. i5 N .. R. X W.,sec.3.~.) 
FEET. 
4. Sand, yellow to red, coarse grained, cross-bedded. 8 
3. Limestone, earthy, brown, al'enaceous in pan; 
hea\'Y bedded, exposed _. ___ • ______________ 6 to 
2. LiD?-cstone. grey, cherty, fine gl'ained, in twellty 
meh ledges __ • _____ ._ .. __ ..... ___ .. _. _____ •. _~. 6 
I. Unexposed toriyer •• _ ••• __ .... __ ._ .. _. __ .. _______ 30 
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Number:1 of the above section may be correlated with nmll-
bel' 3 of the ~Ianhattan mill section. 
(Til. n; ~., It. S. W., ~cc. 2'<.) 
Limcstonl', in pal't fino grained, drab, cherty; In 
part brcceiated; intel'strutifled \vith COar58 
gl'l.lineu ~am15toncs; (impel'/ectly eXllosed)._ ]0 
l. Unexposed torh·cl'_ ............. __ .... __ ... _. 30 
This exposure may be referred to the middle Saint Louis 
(Verdi beds.) Particularly good examples of the brecciated 
limestone lllay be seen at this point.. 
S .... '\'"MII.t. SIX1Tl!):<. 
(Til. 71 :\., It. X W., scc.6, ~\V. 'It .. ~c. ~i.) 
1. Limc~tollc, (Augusta) sub-crystalline, white; an 
implIl'e marble, rising abon::the river. ___ ._.. (; 
Between this section and the one following, the Manhattan 
mill and Nugent exposures occur. A few hundred feet up the 
river from the latter is a small ravine which reveals the pres-
ence of a coal measure outlier. The hed of black shale which 
represents the coal measures is deposited in a channel which 
bas been cut down through numbers 4- and 3 of the Nugent 
section. 
('I'p'O;; x .. n. XIII w .• Sf'''. 27. !=(".'It_. :S-P. ~(, and s('c. 3t, Xe. qr.) 
FEET. 
:1. Limestone, altornating with sandstone, impel'fectly 
oxposeu_. .._ .•.. __ ._ .•. ~ ..... _. 30 
2. Limestone, blue, shaly when fresh, weathering 
readily to earthy brown: exposed neal' hridge ?O 
1. Limestone, coar~e, sub-cry~tn\line, fo~silifcrou~ __ . U 
Number 1 of the above is the Augusta, It is seen on the 
north side of the river some distance from the l'emainder of 
the section, Number 2 is the typical exposure of the Spring-
vale beds with the normal thickness, and only unusual in the 
small amount of arenaceous matter. Number 3 is the middle 
Saint Louis (Verdi beds), as usual very imperfectly exposed. 
The Verdi beds as seen here are well del'eloped along the 
rilTer from this point to the west county line. At two points 
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they have been cut through and the coal measure del,osits laid 
-down in the cutting. 'l'he first of these localities is about one 
mile west of the section just described. The exposure is very 
imperfect. About fifteen feet above the water i. a thin 
ledge of bituminous limestone containing CllOucles mes%ba 
and other forms common to the beds of the Des Moines stag •. 
Within hall a mil. of the west line of the county the Saint 
Louis beds arc again 11(1)laced by Mndstones, and in the adjoin-
ing portions of Mahaska county by shale containing a small 
coal seam. 
EXPOSURF.5 ON NORTH SKUNK RIYEn. 
PLACA IIAW!> )lILL SECTION. 
(Tp,'i5N.,u..XW.,sec.ro.Sw.qr.' 
At the Black Hawk mill, the Augusta i. exposed, showing a 
thickness of probably twenty feet. It extends down the river 
nearly a mile, outcropping at intervals along the bluft'. It also 
·cJliends a distance of a mile and a half up the creek, which at 
this point flows into the riYer. About one inile nOlth of the 
mill, the Springvale heds are seen to cover the Augusta. 
tTp.~N .. B.Xt W.,sec.15) 
In the blull' back a mile or more from the river there are two 
. exposures of a coarse, reddish sandstone probably of coal meas:" 
ureage. 
(Tp.I"5N .. B. XI W.,51!C.1B. Nw.Qr., Nw. UJ 
This limestone is also exposed in the southe.st quarter of 
-the southwest qnarter and in the northeast quarter of section 
:nineteen. 
SEC1"IOIt TWO lULEIiI SOIJTd OF SIGOI1RItET. 
tTp. mH., H.Xt w., see. n, t\e.qr.) 
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'l'his outcrop is immediately abo\'s t.he wagon bridge south 
uf Sigourney. It represents the Verdi beds, hut as usual tIw 
exposure is too illlll('rfect to anow the details to he made out. 
(T". IT> :i .. 11. XII W .. ~"c. 11), :;('. <I~ .. :-',,'. '{.J 
5, Drift .. ~ ______________ . __ .. ______ ~_~ __ . _____ __ __ __ !!:i 
4. I~jmestone, thin, shaly ___ .. __ ~_~ __ ~ _____________ _ 
if. Limestone, lUassiv .... , dICI"ty, slightly bituminous.. .J 
Limestone, arenaceous in places, thin, shaly, IlOt 
fully OXI'OJC(1. __________ . ____________________ :W 
1. Limestone, compact, fine grainC!d .. _____________ ._ 
Tlle8e he(l.~ may be refelTcd to the upper lJal't of the Verdi_ 
("():SNOU'S qUAUUY. 
(T] •. ~X .. R_ XII W., ~rc.l~, Fe. 'zr .• Sw.~.n 
_. LimestoDll, yellow, EOft, magnesian; apparently 
arenaceous in part, mass!"e; expo5ed __ ... ~._~ 10 
1. Limestone, coarse, sub-crystalline, oxposed at 
water's cdge_. __________ ~ __ ~_~ _______ ~_______ 4 
Number 1 of the abOYB is the Augusta; number 2 belongs 
to the Springvale beds. 
About two and a half miles west of Connor's quarry (Tp. 75 
N., R XII W., sec. IS, Se. qr., Se. f), the Augusta limestone, hav-
ing its usual characteresti~s l'ises above the water fOUl' feet. 
Both above and below this point the Saint Louis is weH devel-
oped. 
Immediately south of Delta is a small group of mines work-
ing in an outlier of coal meaSllres cut off in each direction 
along the stream by Saint Louis. The section passed thl'ongh 
in sinking the ~Iartin Fisher shaft (Tp. 75 N., R. XIII W., sec. 
14, Ne. qr., Ne. 1) is as follows: 
FEET. 
5. Drilt __ .... _ •.••. ~_._~.~.~ ______ ~. ____ .... __ •• ___ • 4 
.J. Shale, bituminous _____________________ ~~_ .. ~_____ fI 
a. CoaL ______ • _____ ~_ •• ~ ___ ._._ ... ____ ._.. ~ ___ ~~~_ 4i 
2. Fireclay__ _ __~._~ ____ • ____ .. ___ .Ii 
2. Shale, bitumiDou5 ___ ~ ____ ~ ___ ~_. __ ~_. ____ ~ __ • ___ _ 
The mouth of this shaH is 762 feet above sea le\'el and 
.eighty feet above the river. At the mill one mile southwest of 
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here, there is an exposure -of coarse, reddish, heavily cross-
bedded sandstone twenty feet thiclL This evidently thins 
before passing below the coal nOltheast of it. 
(Til. ~5 ~., n. XIII W., sec. 8, Xe. 'Ir.) 
3. Sandstone, irregular in thickness •• _________ 8 
2. Limestone, line gl'ained, compacL._________ 2 
1. Sandstone, coarse.yellol\'. __________________ 6 8 
1'his section is measured at the west end of the railroad 
quarry, the base being 738 feet above sea level. The layers in 
the quarry are quite irregular, the secLioll measured farther 
toward the east end of the quarry showing: 
5. Sandstone _____ • ________ .". ___ ."._._. ______ _ 
-I. Lhntlstone. ________________________________ _ 
:J. Sandstone ____________________ ~ __ . ______ a to 8 
2. Limestone, pel1listent band_________________ 2 
1. Sandstone, irregular in thickness__________ 15 
The beds at this place belong to the middle Saint Louis 
(Verdi beds) and probablyrepresent the upper portion of them. 
They show local disturbances, 
E..'U'OSUR£S O~ ENGLISH RIVER, 
Along English river there are but few outcrops of rock. 
About two miles northwest of Keswick (Tp. 77 N., R. X W., 
sec, 16) the Augusta limestone at one point rises two feet 01' 
more aboye the water, Two miles north and one east of South 
English (Tp. 77 N., R. X W., sec. 7, Sw. qr., Sw. i) a boring 
made on the hill shows the presence of coal measnres. 
FEE']'. 
3, Drift. . _________________ . __ ~ _____ . _______________ 150 
2. Santistone, altel'na.ting with shale _________ 7--- 50 
1. Shale, bituminou~______________________________ 7 
N O~hillg corresponding to this has been fonnd elsewhere in 
the region, and it is probably merely a small outlier, the 
more so since the shale lies at a level considerably below that 
of the surrounding limestone. 
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KESWICK BORum. 
(Tp. ... :s" R. XIIW .. see, 3I!. s •. qr.) 
FEET. 
2. Drift. _~~~~~~_ ~~~~ _______________________________ 100 
1. Limestone, in tbin bands, with alternating beds 
of sandstone______ ___________________________ 96 
This boring was made at the oreamery for a well. Number 
1 evidently represents the middle Saint Louis which has beeu 
encountered in other borings in the vicinity and is at onB point 
poorly exposed on South English river directly north of town. 
Geological Fonnations. 
The general sequence of the rocks in the county has already 
been given. The formations present belong entirely to two 
systems; the Carboniferous and the Pleistocene. Of the 0.,.,. 
boniferous rocks, representatives of both the series most promi-
nently developed in the Mississippi valley OCCDr. 
lIlSSISSIPPIAN SERIES. 
The rocks of this series, forming the lowermost of the major 
divisions of the Carboniferous of the continental interior, under-
lie the greater portion of the county. Of the three divisions of 
the series which are found in Iowa-the Kinderhook, Augusta 
and Saint Loui&-the latter two only are present in this county. 
A,UGUSTA. 
The best exposures of the Augusta limestone within this 
county ~re near the mouth of Rock. creek just north of Ollie. 
Here the rock is well displayed and is exposed over a consider-
• able area. It is here also that the only serious atlampts have so 
far been made to utilize it as a building stone. The formation 
lis .. forty feet above the South Skunk river. The stone varies 
from light brown or white to grey or drab in color. It is medium 
to coarse grained, sub-crystalline, and lies in ledges usually 
three to ten inohes in thicknes., separated hy clay and chert· 
bands. At certain points the latter become especially promi· 
nent, as at the Weems quarry (figure 24) near Manhattan mill 
(Tp. 74 N., R. XI W., sec. 10, Nw. qr., Ne. 1). The limestone 
contains an abundant crinoidal and molluscan fanna. Portions 
of the stone are almost entil1lly made up of fossils, particularly 
of crinoid stems. 
210Bep 
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The distribution of the formation is shown on the accompa-
nying map. 'rlhera is a small area immediately south of Delta 
on the South Skunk, another th,'Oe miles northeast of this on 
the North liver, one Dcar Connor's quarry two miles north of 
Hayesville, one near the mouth of Bridge creek, the area 
noticed near Manhattan mill and a small 31'6& near the mouth 
of East Cedar'creek in Clear creek township. From the junc- . 
Figure lit. Augusta limestone on Rock creek. north of OlUe. 
tion of the two branches of Sknnk river to the east county line 
the Augusta does not appear though it probably underlies at 
least a portion of the bottom land. In the region of Keota 
borings show that this rock immediately underlies the drift. 
North of Kinross it is at one point exposed on English river ris-
ing scarcely three feet above the water. 
The rocks now known under the name of Augusta bavelong 
been known and studied in southeastern Iowa and neighboring 
regions. They were bere considered to make up two forma-
tions; the Keokuk, and Burlington. More recently, however, 
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they have been united and are now known under the Dame 
Augusta. It is of intersst to note that in Keokuk county there 
is no evidence of two fOlmatiolls. The l'Ocks mapped as 
Augusta are markedly distinct from anj' others occurring in 
the "egion' and are just as markedly entirely one. The lith-
ological character which distinguishes them in one place is 
present just as pl'Ominentiy at 8\'ery other outcrop. The same' 
faunal features are common to all the beds. At a few points 
only do fossils which have been considered to belong distinct-
ively to the one or the other fOlmation occur. In the main 
the forms found are more nearly related tc the Burlingtcn. 
The outcrop directly south of Delta, that near the mouth 
of Bridge creek, and that near the mouth of East Ced .. con-
tain certain forms considered as distinctively Keokuk. On 
the other hand the better developed exposures near Manhattan 
mill show Burlington forms. Beyond the occasjonal presence 
of these few distinctive forms there is no reason for sepal'8.ting 
the formation. To one not already familiar with the exposures 
of southeastern Iowa it would never occur that there was any 
need for such a separation. 
SAINT' LOUIS. 
The rocks which underlie the greater portion of the county 
belong to the Saint Lou", stage. They include both sand-
stones and limestones, the latter predominating. The sand-
stones are quite irregular in distribution and ordin~rily o'ccur 
as intercalated beds between limestone bands. The limestone 
is usually quite fine grained and compact; in places it becomes 
magnesian, and in other places quite arenaceous. It is this 
formation which contains the bl'ecciated limestone beds which 
once gave name to the whole fonnation. 
Spl'itJgva/e beels. Within this county the Saint.Louis is seen 
to be made up of three separdte formations, which while not 
always entirely distinct, are nsually well marked. The lower 
or basal member is well exposed at the old Springvale mill five 
miles south of Delta on the South Skunk river. As seen here, 
it is a blne, earthy Iimsstone of a marked shaly character, 
weathering readily into a soft, brown to buff limestone. It is 
magnesian and in the other outcrops is frequently arenaceous. 
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The stone weathers so l'eadiIy that the blue shaly character is 
seldom seen. It is, however, the character of the fresh stone 
found on Rock creek and along the Skunk in W""hington and 
Henry counties. This bed is seen overlying the Augusta at 
nearly all its outcrops on the Skunk river, though on account 
of its soft nature good clear exposures are rare. It is exposed 
in Connor's quarry two and a half miles north of Hayesville 
(Tp. 75 N., R. XII W., sec. 15), five miles north of Richland (['p. 
75 N., R. X ·W., sec. ~5, Ne. qr.), and may be examined in the J. 
S. Cook quarry north of Ollie. At this latter place the stone 
shows a probably pseudo-conglomeratic ehanetel'. The matrix 
is the usual soft, brown, earthy mass, within which are imbedded 
in-egular pieces of white limestone and chert such as mark the 
upper part of the Augusta, It is Vel'y suggestive of a basa.l 
conglomerate, 
~~ .,,;"'-
~r +" J~ 
~- "~ 
~1'.I~ < < 
* ,J!< ~. _ $"~., ~ '" 
~ -
Ffgure25.. Pscudo-conglomerate In Sprlng,·ule beds, Cook quarry, near Ollie. 
'11he Springvale hed l as this member has been called, pre-
serves its place in the section along both l'ivers and is usually 
twenty to twenty-five feet thick. It has so far proven to be 
largely non-fossiliferou~. Its thinness does not give it a large al'eal 
exposure and the bol'ings which show the presence of the Saint 
Louis in the northern part of the county have not been made 
with sufficient care to settle the question of its presence. At 
present it is only known along the two branches of the Skunk 
river where it has been traced across the entire county. 
The exact geological position of the bed is open to some 
doubt. It is very rarely fossilifel'Ous and the forms so far found 
in it have but slight value as indices of its stratigmphic position 
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In Van Buren and Lee counties a formation which occu-
pies apparently a similar stratigl'aphic position and greatly 
resembles the Springvale beds in litbological cbaracter bas 
been traced by Mr. Gordon. It has been usually refelTed to tbe 
Saint Louis thougb its Warsaw age ha~ also been suggested. 
So far the Springvale beds bave not been directly cOlTolated 
with those fMihal' south. While there are some reasons for 
believing· that they are bomologous with the beds known as tbe 
Warsaw, the evidence so far as presented in Keokuk county, 
tends rather to confirm the idea 01 their Saint Louis age and to 
that 100"IIlRtion they are pl'Ovisionally relel~ .. d. 
YCl'l/i becls. The second or middle member of the Saint 
Louis is that which covers the greater portion 01 tbe county. 
It contains both limestones and sandstones in varying propor-
tions and is the record of a time of exceedingly varied and rap-
idly changing conditions. Local unconformities are frequently 
FIgure:&. Local nnconfOl'mll.,J' In Verdi beds, north 01 Hedrick. 
encountered and may be excellently .een north of Hedrick. 
Thes andstones found are white to orange in color, medium fine 
in grain and occasionally quite calcareous. They usually occur 
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in bands from two to six feet in thickness interbedded with the 
limestone. In some places, however, clean sandstones thirty to 
forty feet in thickness, with limestone both above and below, 
arc seen. 
The Hmestones axe of two different characters. The most 
usual type is a light ash to buff color, fine grained, exceedingly 
compact and hard, almost cherty ill character. This is the 
limestone found interbedded with the sandstone. A hetter 
known, though not more common type, is that seen in the 
brecciated beds. In these beds the limestone is broken up into 
irregular blocks or pebbles and cemented together, the whole 
forming a distinct calcareous conglomerate or breccia. In a 
majority of cases the cementing material is calcareous, though 
this is not always so. In some instances it is a more or less 
ferruginous sandstone. The blocks or pebbles in- the breccia 
are usual1y of the fine grained, compact limestune characteris-
tic of the Saint Louis itself and seem to be derived from that 
formation. Though occasionally slightly rounded, they mOl'e 
usually show sharp angles. They vary in size all the way from 
a fraction of an inch in diameter to large slabs four feet long 
and six to eight -in~hes thick. As usually seen, however, the 
brecciated blocks are from on6 to two inches in-diameter. 
'rho brecciated beds do not soem to occupy a distinct, well 
marked horizon ill the middle Saint Louis but are, in different 
localities at different levels. At Sigourney they may be seen 
well toward the top of this member, while along th e Skunk 
river they frequently occupy a medial position. Near the 
mouth of Clear creek ,and at Verdi, in Washington county, 
they are near the base. 
The middle Saint Louis in this region shows several well 
marked. facies. The more common is that of the interbedded 
sandstones and limestones excellently shown at the bridge 
north of Nugent. This is the facies which borings show to be 
compIonly present under the northern pOl:tion of the county. 
Another facies is that in which the disturbance of conditions 
during deposition has been so great that there is little or no 
regularity. This is also well shown north of Hedrick. At this 
point, near Showman stati~m, on one side of a milway cut, is a 
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sixteen foot exposure of characteristic brecciated limestone. 
On the other side is a considerable development of sandstone 
interbedded with clear limestone. 
Another chamcteristic section of middle Saint Louis is 
exposed in a milway cut one and a half miles west of Ollie (Tp. 
74 N., R. XI W., sec. 32, Nw. qr., Nw. :1). 
7. Clay soil, rt}ddi!lh, with drift boulders. _____ lO 
U. Sandstone, cross-bedded, lemon yellow to 
orange, fine grained; becoming harder for 
six inches and apparently calcareous below 0 
5. Lime;;tone, compact. ______________________ _ 
4_ )Iarl and limeston6 _______________________ _ 
3. Limestone, fine grained, grading below into 
number Z __________________________ • ____ _ 
2. Lime3tono, finely brecciated, in places 
almost oolitic ____________ ._______________ Z 
1. Limestone, compact, with conchoidal frac-
tUi'es to track____________________________ Ii 
FI::;ureZi. 5alnt Louis IVc~t of OllIc. TIm prominent heavy bed showin~ a sl1::;ht flexure 
Is lluml1l'r6or the allOnJ section. 
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The middle Saint LouiB is perhaps best shown at the old 
railroad quarries at Verdi, in Washington county, where nearly 
all the different facies are presented. For this reason .the 
member has been called the Verdi beds. Its total thickness 
can not be mucb less than ODe hundred feet, as single exposures 
of more than sixty feet are known. 
Towards the close of tbe period represented by th ... beds 
conditions seem to have been more stable, and heavy bedded 
limestones of considerable thickness began to be deposited. 
These upper beds are found exposed north and ,vest of Sigour-
ney and have yielded considerable stone. 
Pella Berls. The upper member oi the Saint LouiB of tbis 
region iB but sparingly present in Keokuk county. It is best 
seen at Pella, in :Marion county, and at the numerous exposures 
in Mabaska county. It may be characterized as a thick bed of 
limestone having near the top interbedded calcareous marls. 
These, as well 3B the limestone itself, are exceedingly fossil-
iferous, and indeed it is from this portion of the Saint· Louis 
that almost all the fossils found in it in thie region are col-
lected. From their typical exposure these beds have been caUed 
the Pella bed.. To thiB diviBion the limestone found south, 
and east of What Cheer, with some 01 th.t aloug the Skunk, 
may be referred. Tbere iB a gradation from the "Yerdi to the 
lower Pella beds, and no sharp line can he drawn between 
them. The latter may be recognized by tbe absence 01 the 
sandstone and the presence of the fossiliferous marls. 
UPPER CARBONIFEROus. ~ 
The upper carboniferous overlies the heavy lime.tones of the 
MiBsiBsippian aerie. conformably iu portions of the.MiBaiBsippi 
valley, but unconformablyinIowa. The formation is made up in 
its lower portion of shoredepositswhicb are succeeded by marine 
deposita whlch in Kansas, Nebraska and elsewbere apparently 
merge into the higher bed. wbich are sometimes called the 
Permo-carboniferous. The Upper Carboniferous is represented 
in Iowa by two stages, the Des Iloines and ~1i8S0uri. only one 
of which is present in Keoknk county. 
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DES MOINES STAGE. 
The beds of this telTain constitute what are generally 
known as the Lo,,'er Coal Measures. The distribution of these 
strata is in this county quite irregular.' The main body of the 
strata extends into the county along tbe west and south line. 
In the southwestern pal·t of the county modern erosion has 
has very seriously limited the area underlain by the beds. 
Beyond the eastern border of this main body there are many 
small outliers,acollsiderable number of which have been mapped. 
Others are doubtless present, though concealed by drift, and Illay 
in time be discovered. Some few of these outliers yield work-
able coal; most of them do not. 
The largest area of coal measures in the county is that found 
near What Cheer. A boring put down two miles south of What 
Cheer (Tp. 76 N., R. XUI W., sec. 22, Nw. qr.J showed the fol-
lowing: 
FEET. INCHES. 
6. Drift ......... ___ . _____ ... _ ...... _ .......... 147 
5. Shale, bituminous, "slate" . __ ._ ............ -to 
4. Coal .. __ .. _ .•... _ ... _ .. ____ .. ____ . ____ •. ___ . 2 
3. Fire clay .. ___ . ____ ... _ .. ________ ..... _.____ 2 
2. Sandstone .. __ .. _ .. _ ... _ .. __ . ___ ....... _ .. _. 3 
1. Limestone (Saint Louis) _._. ___ . ___ . __ . ___ .. 
This section represents well the general order of the strata 
found in the region; the thickness of course varies greatly aud 
not all these strata are always present. Number 2 is quite rarely 
fouud; number 3 may be almost entirely absent, ormaybecome 
seven or eight feet thick. The coal is usually much thicke,'; 
in the mines it generally runs from four to six feet in thickness 
and is frequently mucb more. The thickness of the shale (num-
ber 5) and of the drift is dependent upon the erosion, preglacial 
and recent, to which it has been subjected. There is but the one 
coal horizon in the coal measul'~.s here though there is consider-
able difference in tbe level at which the coal lies. At the 
North Star it is 723 feet above sea level while at the Towers 
mine it is 695 feet. Equally great differences are, however, 
found in individual mines. The coal itself is very irregulady 
distributed, though between the levels mentioned it is usually 
found in greater or less quantity unless erosion has interfered. 
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It must be remembered, that not only the erosion which has 
taken place since the depo.sition of the beds of the Des Moines 
terrain, is to be considered but also the pre-coal measure eros~on. 
It is due to the latter that in places the Saint Louis is encoun-
tered at levels considerably above the neighboring coal beds. 
At a number of points such conditions exist; hummocks of 
limestones protruding entirely through the coal measures. The 
coal itself lies in irregular semi-detached basins. These are 
usually in the form of troughs with thicker coal in the center 
thinning out towards the edges. These troughs are gener-
ally about 100 yards wide and run in very irregular lines. 
Some have been traced a distance of a mile or more. A good 
example of such a coal basin is seen on the land now being 
developed by the Crescent Coal Company two miles northwest 
of What Cheer. Here a basin has been located in which the coal 
is nearly forty-five feet below the general level of the seam on 
the same land and is from two to three feet thicker. 
In the Crescent No.2, a basin of excellent thick coal was 
traced some distance in a curved line. It followed close along 
the edge of a "cut out." In the What Cheer No.4, a similar 
basin of coal, in this case in part of an impure or bony charac-
ter, was encountered. It was in places twelve feet thick, and 
was exceptional in the thickest part being in some instances far 
toone side of the center of the basin. This basin has been traced 
in a, parabaloid direction for 80me distance. 
The exceedingly ilTegular distribution of the coal measures 
and the influence of the various erosion periods is shown in the 
following section from east to west through the field. 
FIgure 28. Scctlou thnJugh What Chl'Cr coaillcid. 
There is a slllall Des :Uoines outlier about four miles east of 
What Cheer on Smith creek. Several country mines were 
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opened here ten to twenty years ago, the coal being reached 
both by shafts and drifts. The coal was from five to seven feet 
thick and was covered by a good shale roof, bnt the area is quite 
small; the Saint Louis beds being exposed ten to twelve feet 
thick on all sides along Rock and Smith creeks and their tribu-
taries. 
Northeast of South English, coal measure strata have been 
found ata single point as already described. 
About three miles north of Sigoumey there is a small gronp 
of Des Moines outliers which contain considerable coal. There 
are in all four such areas now known. They do not seem to be 
connected, and between certain of them at least,' there are 
abUndant Saint Louis outcrops. The coal in this field runs from 
three to four and a half feet in thickness and has usnally a fire 
clay floor and a grey shale roof which is rarely more than 
twelve feet in thickness. It IS nsually mnch thinner and part 
of the coal must be left for a roof. 
Between the old Branner and the Rowley mines there is an 
outcrop of Saint Louis which has been to some extent quarried . . 
At the base of the qnan-y is a thin layer, three to four inches 
thick, of bituminous shale similar in character and on nearly 
the same level with the shale overlying-the coal near by. This 
same shale has been found at several points in this neighbor-
hood and has led to some confusion. Coal is known to occur at 
the old Branner mines (Tp. 76 N., R. XII W., sec. 24, Nw. qr., Se. 
1), at the Rowley mine (same section, Sw. qr., Nw. t), and at the 
Wertz mine (sec. 25, N w. qr., Sw. f). In a well near the Rowley 
mine (sec. 24, Sw. qr., N e. 1), shale probably of Des Moines age 
was encountered. 
Four miles east of Sigonrney a twenty-two inch seam of 
coal was at one time worked at· the Lockridge mine, but tbe· 
opening is now abandoned. Thera is also a small coal measure 
area directly south of Delta, of which a section has already 
been given. The exact limits are not well defined, though the 
area cannot well be a large one. All the coal is taken from the 
north side of the river in section fourteen. On the opposite 
side is a sandstone probably of Des )Ioines age. In section 
thirteen, the Saint Louisrisesin the blutIsa considerable distance-
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:above the coal measure horizon. In the southeast quar-
ter of tha same section a small coal measure pocket, probably 
-connected with the Delta area, occurs. It is cut off above and 
below on the rh'er by the Saiut Louis. The exposure shows: 
:1. Sandstone, coarse, red; imperfectly exposed. ___ ._ 30 
2. Shale, bItuminous._______________________________ 4 
1. To !'i\'Cl' ••• _______________________________ ._. _____ 10 
On the South Skunk river west of Springvale mill are coal 
measure outcrops already mentioned. The ODe at the west 
seems to be connected with the main body of coal measures, 
and a half mile west of the county line a small mine is in 
operation. 
On Steady Run three miles north of Martinsburg (Tp. 74 N., 
R. XII W., sec. S, Se. qr., Se. i), is a small coal measure outlier 
from which clay is taken f01' the manufacture of brick at Mar-
tinsburg. An eight inch seam of coal is underlain by fire clay 
and covered by a drab clay shale. The Saint Louis is exposed 
.at each side in the bluffs of the creek and along its branches. 
On German creek, as already mentioned, is a sandstone 
probably of Des Uoines age. Borings on the hills around here 
show that the Saint Louis immediately underlies the drift so 
that the sandstone certainly covers only a limited area. 
About one mile llOltheast of the Black Hawk Mill (Tp. 75 
N., R. X W., sec. 29~ Nw. qr., Ne. i), is a small quarry worked 
intermittently in a red sandstone. The quantity of stone seems 
to be limited. It lies a few feet above a small stream and a 
considerab1e distance above the river. The ledges are now 
covered by talus and the stone can only be seen in the blocks 
left -on the surface. These show it to be a coarse, ferruginous 
variety becoming in places conglomeratic. The matrix is com-
posed of quartz grains cemented by ferruginous matter. In 
this is set pebbles, in part of limestone, in part of quartz, 
waterworn and resembling river gravel, and in part of worn 
pieces of chert similar to that found in the Augusta of neigh-
boring outcrops. If indeed that be their origin then we have 
here either a Saint Louis sandstone laid down. upon the 
Augusta after an erosion interval, or a basal Des Moines 
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glomel'Rte, which has in itself evidence that the pre· coal 
measure erosion cut entirely through the Saiut Louis aud 
exposed the Augusta. The evidence seems to favor the latter 
view. No fossils occur in the deposit. Two miles northeast of 
here, or a mile west of Tallyrand, is an exposure of sandstone 
very similar in character, though the conglomel'Rtic facies 
seem absent. At this point there is, in connection with the 
sandstone, a body of bituminous shale wbich is similar in char-
acter to the usual coal measure shale, hardly admitting a doubt 
that the deposit is of that age. 
South and west of Richland is a Des Moines area apparently 
connected with the coal measures of Jefferson county. The· 
coal lies at a depth of about eighty feet under the uplands. 
The greater portion of the covering is drift, only a few feet of 
light shale being found over the coal. A section of the strata 
at the Smith mine (Tp. 74 N., R. X W., sec. 3, Se. qr., Se. :l;l, is 
fairly representative: 
FEET. 13, Clay, yellow. _______________________ ._____________ 10 
5. CIRY, ~lue, with boulders_. _____ . _________________ 20 
4. Clay, fine, light colored. _____ .. ___ .. _____ .. _____ . 40 
3. Shalo, light grey . ______ . ______ .. _. ____ . _____ ... __ 
OJ Coal ____________________________________________ _ 
1. Fire clay _________________________________ . ______ _ 
The coal here is quite irregularly distributed, in places 
being entirely absent. It is mined now along the south fork of 
Richland creek. At one time coal was taken out directly west 
of Richland, though this opening has long been abandoned. 
PLEISTOCENE. 
The deposits which covel' the greater portion of the county 
belong to tbe Pleistocene period. They consist of till, gravel, 
sand, clay, loess and alluvium. In thickness the beds are 
usually from 100 to 125 feet, though iu the nOrOhern part of 
the county it reacbes a probable maximum of 200 feet over the 
uplands, while individual borings show occasionally slightly 
greater depths. 
DRIFT. 
As seen along the streams and in well sections the most 
usual material is glacial till, consisting of a fine yellow clay 
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through which is disseminated the smaller sizes of gravel. 
Boulders arB frequently encountered and are of all sizes and 
materials. Below this yellow boulder clay a blue variety is 
frequently encountered but has not as yet been traced from 
point to point. Gravel beds are infrequent and of small extent. 
Sands are also comparatively rare in any quantity. Directly 
north of Keswick two semi-detached hills of stratified sand are 
found at the edge of the bluffs. 
LOESS. 
Over the uplands is usually a thin covering of a loess-1ike 
deposit which never becomes prominent. Genetically related 
to it~ being indeed probably merely an altered form of the loess, 
is a bed of stiff blue-grey to yellow clay, usually free b.·om 
gravel and lime. This covers the whole of the upland south of 
the South Skunk river and also the piece of level land lying 
between Harper and Keota. Indeed it is not rare in any part 
of the county where them is level land. An impOl'tant clay 
industry has been founded upon it. 
ALLUVIUM. 
The broad bottoms of the Skunk rivers and the narrow low-
lands along the various other streams are made np of alluvium. 
This is a black loamy soil derived from the w,,",hing of the hills. 
It is from fifteen to twenty feet thick over the larger bottoms 
and in the minor valleys from two to eight feet deep. Along 
the smaller streams it is frequently cut through showing 
the glacial clay below, while on the larger bottom lands, the 
alluvium usually enth-ely cOllceals the drift, the latter showing 
along the streams only at intervals. This difference is proba-




North SI.·!lll~~ Sectioll. (Figure 1, plate yiii.) Near the mouth 
of the North Skunk, the Augusta begins to appear from beneath 
the water. At Black Hawk mill it has risen to twenty feet or 
more, and the Saint Louis is seen above it. Beyond here an old 
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channel of German creek makes outcrops rare. A sandstone of 
Des Moines age is seen at one point, and well records show the 
hills to be made up of Saint Louis. At the mouth of Bridge creek 
there are several expOSUl'es of August~, the Spring\'ale and Verdi 
lisillg over them, South of Sigourney the Springvale beds are 
prominent. About four miles west of here the August.a is 
again eXllosed, both the Verdi and Springvale being also seen. 
South of Delta is the coal measure area already described, wbile 
from Delta west to Atwood the Verdi beds are frequently seen 
along the railroad. 
Soutlt Sl'ulIk Sectiull. (Figure 2, plate "iii.) In \Va.ehington 
county near the west county line there is an outcrop'on theSkullk 
river which shows the Springvale beds at the edge of the water 
with part of their thickness apparently below that level. Wheu 
the county line is crossed westward, broad botton lands are 
encountered. 'rheSaint Louis is imperfectly exposed in the bluffs 
some distance from the riYer. The Verdi beds and the upper por~ 
tion of the Springvale beds are seen. Their height above the 
water indica.tes that the river level must have cut down close to 
the Augusta, though no rocks of this fonnation are seen more 
than a few miles below Manhattan mill. At the latter point they 
rise forty feet above the water, the Springvale and Ve~·di beds 
running up over them, the latter somewhat reduced in thickw 
ness. West of this point the Springvale beds come down 
towards the river, the Verdi beds regaining their usual thick-
lless of fOlty to sixty feet. At the bridge north of N ligent the 
Springvale beds are paltly below the water. Immediately west 
of here shales of the Des Moines terrain appear in a gorge cut 
down nearly through the Verdi. North of Hedrick the Verdi 
and Springvale beds are well exposed along the river, the fol'w 
mer belng especially prominent, On the north side of the river 
at the old Springvale mill the Augusta rises above the river, 
while at the bridge the Springvale beds have their typical 
exposure. This is the last point on the river at which their 
full thickness is shown. West of here they may be seen at a 
few points near the water. The bluffs are, however, made up 
largely of Verdi strata which are here particularly arenaceous. 
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They have been cut into largely and coal mea.sures are fre-
quently seen overlying them. 
Section,I{eota to Aflcood. (Figure 3, plate viii.) At Keota the 
Augusta limestone is covered by about sixty feet of drift. 
Between that point and Sigourney there arB no outcrops along 
the railway. It seems probable that the Saint Louis extends as 
far east as Harper with probable outliers beyond. Four miles 
east of Sigourney there is a very small coal measure outlier. 
Sigourney itself is built on the Saint Louis, the upper part of the 
Verdi outcropping just west of the town. Between Sigourney 
and Delta the Saint Louis outcrops along Cedar creek, and 
from Delta to Atwood it is again prominent. 
Soufh English Ril:cl' Seeliol/. (Figure 4, plate viii.) Over the 
northern portion of the county the drift is thick and outcrops are 
rare. In the northwestern corner of Washington county is a deep 
gorge cutting apparently entirely through the Augusta and into 
the Kinderhook. This is filled in with drift and crossed nearly at 
right angles by the present river. This old river valley prob-
ably extends into Keokuk county a short distance. About 
three miles west of the county line and north of Kinross, the 
Augusta outcrops along the river. North of South English 
coal measures occupy a pocket in the Augusta, and at Webster 
the Saint Louis underlies the drift. The Des Moines beds 
apparently do not extend beyond the eastern line of Prairie 
township. Throughout the greater portion of the township 
they apparently underlie the drift, being entirely absent only 
exceptionally. 
NOl'lh Ellglish to Herb·ick. From NOlih English to Webster 
the drift seems to directly overlie the Saint Louis. At the lat-
ter point it is particularly heavy as it is here that the water-
shed between the drainage system of the English and Skunk 
rivers is crossed. At Rowleys mine is a small coal m~asure 
outlier. At Sigourney the drift overlies the Saint Louis which 
is exposed north of town on Bridge creek and south on hoth 
the branches of the Skunk river. At Hedrick the greater ele-
vation seems to be due to an increased thickness of dl'ift rather 








































V.'r. ,2 0 0 FC£ T, 
Scale Figure 
I for. L' --,'-,,'''''=.L=."----, 
1 ~ _ ~ ;.\~\\,v..!" .. ~;::~. ~0·;-...~:;\ ... ~-.;.~;;-~~ . J ..../.:·~:-~ _~ .. -: -:~~~~:' ' ~,.1": " ~/. -:,- \",~,,,,;~, ~~,,;;«,~~:~~\,~,.'\~,,,,," f;+ ""d'~ '\b+:.~'~'-' -- - - - - r--
I!- , Figure 3. 
GE OLOGICAL CROSS-SECTIONS IN KEOKUK CO UNTY, 
MANHATTAN ANTIOLINAL. 291 
EXPLANATION OJ<' PI,ATE. 
In Plnte viii are represented the cross-sections described 
above. The numbers refer to tbe formations as follows: (1) 
Augusta, (2) Springvale, (3) Verdi, (4) Pella, (5) Des .[oines, (6) 
Drift. 
DEFOUMA TIONS. 
The geological structure of Keokuk couuty is comparatively 
simple. As usual the l"Ocks have a slight general dip to the' 
southwest, the strike running nearly at right angles. The lat-
ter has been greatly modified by erosion and in the case of the 
Des Moines beds the present strike is exce"edingly irregular. 
The record of disturbance since the deposition of the strata 
is but slight. Two well marked though slight allticlinals have 
been determined with the probability of a third between the· 
two. The first of these may 118 called the Manhattan anticlinal 
since the Manhatt.an mill is located nearly upon it.s crest. Its 
height is forty feet, and its direction is almost exactly north-
east. The north branch of Skunk river crosses it at the Black 
Hawk mill. 
The second anticlinal runs parallel with this and is crossed 
by the South Skunk at the old Springvale mill. 'l'he North 
Skunk crosses it about five miles southwest- of Sigourney, and 
the South English seems to ·cross it about two miles north of 
Keswick At this point is the only exposure of Augusta lime-
stone found on South English in this county. The three out-
crops are on a direct line. _Midway between these two allti-
clilla!s at the mouth of Bridge creek on Nmih river tho Augusta 
rises above the "water. No corresponding expOSUl"es are seen on 
Sonth Skunk, though it must be admitted that the locality is 
unfa,'orable for outcrops. 
In tracing these deformations very little help can be obtained 
from either the Saint Louis or the Des Uoines beds, and results 
must be based almost entirely upon the Augusta. '111Ie coal 
measures and the Saint Louis limestone have both been so pro-
foundly eroded that inferences drawn from the elevation of 
different outCl'Op~, or the present distribution of the rocks is of 
small value. In the Saint Louis of this region there seems to 
:!:!GRep 
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be no cert.ain line of division above the base of the Verdi. The 
Springvale beds are constant in thickness and character, and 
thus are of considerable value for purposes of stratigraphy. 
They, however, immediately overlie the Augusta and follow 
the irregularities of its surface so that in the end it is the out-
crop of the Augusta which allows the structure to be deter-
mined. 
Skunk Rirel' AJlticline. McGee in his monograph on the 
Pleistocene history of northeastern Iowa has described several 
deformations in the st·rata of the state'~. These am approxi-
mately parallel and trend northwest to southeast. One of these 
has been called the Skunk river anticlinal and of this he says: 
"(10) A parallel anticlinal brings the St. Louis limestone to 
the suI"face in the valley of Skunk river for many miles, prob-
ably from Ames, in Story county, to the southern part of 
Keokuk county; and still farther southeastward it finds 
expression in the exceptionally high altitude of the·subcarbonif-
erous rocks in western. Henry county." 
The appearance of the Saint Louis along the narrow line, 
as shown in the maps before published, was indeed striking. 
Recent work, however, has led to the belief that this is due, not 
so much to an anticlinal, as to the work of erosion. This 
appearance largely disappears on the new map of Keokuk 
county and is greatly changed on that of !fahaska county. 
For the reasons just given any determinations of structure 
must be based upon the base and not the top of the Saint 
Louis .. It must be remembered that the effect of erosion on 
the latter has been such that differences of sixty feet in eleva· 
tion in as many yards are not unusual. Another fact of 
importance in this connection is the extreme thinness of the 
coal measures which renders them easily cut through by erosion 
and so exposes the underlying limestone along the streams. 
The deep mines in both Keokuk and Mahaska counties are 
invaliably upon the uplands, and the grea.ter thickness of stmta 
passed through is usually made np of drift. Numerous con-
nected levels show that the coal lies along the same general 
• Ell'l'fn!h ,\nh. 11,,1'. U. S. GI'OJ. Sur., pp. :l3S-3ji. W:lsiJillgtOh.lm>. 
UNCONIWRlIITY OF TilE FORMATIONS. 2~3 
horizon and that the Saint Louis rarely shows any irregnJari-' 
ties which cannot be amply accounted for by tho erosion it has 
suffered. The few deformations which hayc been definitely 
located run almost at right angles to the SlmDkl'iYel' anticlinal. 
UNCONFORMITIES. 
'J1here are two great ullconformities which have exerted a 
marked influence upon the distribution of the formations. 
The widespread unconCormit.y bet"'een the indurated and 
recent rocks has left its ma.rks here as elsewhere. In this county 
the period of erosion marked by this unconformity has had an 
important economic effect in the remoyal of the greater pOl't.ion 
of the coal deposits which once doubtle~s covered the whole 
connty. So profound Ims the erosion been that oyer the greater 
portion of the area only scattered outliers. remnants of the once 
thick sheet of coal measure stratl1 are left. These are of very 
irregular distribution .EO far as now located. Doubtless others 
arc concealed beneath the drift: 
The older rocks better resisted this erosion yet they too show 
its profound effects. In Poweshiek connty just north, and in 
Washington county east, traces of an old drainage system have 
been found. At one point near Deep River a gorge\l;1as been 
cut in the limestone 250 feet deep. Apparently this san. '3 gorge 
just t.ouches the northeast corner of Keokuk connty. This 
older drainage system was apparently blucked up and buried 
some time dm'ing the glacial period, and so far as Keokuk 
county is concerned it does not seem to have influenced the 
modern river system. 
'rhat the coal measures in this state rest unconformably 
upon t.he underlying rocks has long been recognized. and the 
relations 'between the two formations have been discus~ed by 
many workers till now the nature of the ullconformity and 
many of its details are well understood. In brief it may be said 
that the time represented by the Kaslmskia deposits lart.her 
south was in Iowa a pel'iod of erosion mther than of deposi~iol1; 
cf 
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. and that the Des ~Ioines beds rest directly upon the Saint Louis 
limestone. 
At the close of the Saint LOllis epoch there was a period of 
elevation. The sea retreated and Iowa became an area of dry 
land, remaining so until the opening of the Upper C,arbonifer-
ous. During the interycuing period the land was exposed to 
erosive agencies and the old Saint Louis surface was given a 
topography not greatly unlike that of the present surface. The 
streams of that period caned their way down through the level 
strata to a depth in many cases exceeding a hundl'ed feet. The 
hms on either side rose with quite precipitous slopes. Deep 
valleys and level-topped plateaus, narrow gorges aud sharp 
ridges were all engraved on the face of the newly made lime-
stone. 
H was upon such a surface as this that the coal measure 
deposits were laid down and its irregularities profoundly 
influenced their distribution. These old hills served not only 
to limit the individual beds, but often directly conditioned their 
deposition. Whether at any lloiut a coal bed was deposited 
depended very largely on whether the coast line was high, steep 
and forbidding, or whether it was low, retreating. and fitted for 
the formation of coal swamps. It seems probable that the 
exceedingly irregular distribution of the coal along the basal 
coal horizon may be largely due to this factor. 
Tilhe length of time that the land was exposed to erosion 
cannot even be approximately estimated. In this county there 
are a few facts bearing on the question, It seems probable, 
from the sandstone exposed at and near Talleyrand as described 
above, that the interval was sufficiently prolonged to allow 
the entire Saint Louis to be cut 'through. In Keokuk and 
Mahaska counties there are exposures showing about one hundred 
and fifty feet of strata which may be referred to the Saint Louis. 
How much has been remm"ed from above that cannot be said. 
Over the greater portion of Keokuk county the Saint Louis 
beds which remain arc less than 100 feet thick, and at many 
IJoints were apparently not morc than that when covered by 
coal measures. 
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Near 'rioga, in Mahaska connty, anu running down into 
Keokuk county, is a coal measure outlier which rests upon the 
Verdi beds apparently near their base. At Nugent shales of 
the same age ha,'e been deposited in a channel in the Saint 
Louis which was cut down to within a few leet of the top of 
the Springvale beds. 
ECONOMIC PRODUCTS. 
COAT.. 
Keokuk county lies well toward the eastern margin of the 
Iowa coal field and consequently the coal measure stl'ata coYer-
ing it are comparatively thin. For reasons already explained, 
the Des Moines ten-ain does not spread over it in an even bed but 
occupies rather a series of detached areas. It does not seem 
probable that- in this county the coal measure strata underlie 
much more than seventy-five square miles of territory. Never-
theless the county has for some years ranked among the more 
important coal producing districts of the State. 
As has already been shown the conditions at the opening of 
Des :i\ioines time were exceedingly favorable for the formation 
of coal. Hence the basal portion of this formation is especially 
productive. It is just this portion which el"Osion has left undis-
turbed, and so it happens that while the area is smaH it bas 
been a very large producer. There are now in the county fOUl" 
region'S in which coaHs being mined. These are the WhatCheer, 
Delta, Richland and Sigourney districts. 
WHAT CHEF.R UIS"l'RICT. 
This is not only the largest producing region in the 
county, but has been and is yet one of the more important coal 
districts of the State. Of recent years the production has fallen 
off considerably and -the impre8~ion has gained ground that the 
field is worked out. 
In and aI'ound What Cheer there are about fifty square 
miles which are undcdain by coal measnres. "\Vhat portion of 
this area contains coal can not be definitely stated. Drilling 
has shown that a considerable part contains no coal and that 
some contains coal which is unavailable for large mining 
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operations, either because of the thinness or irl'egularity of the 
vein, or the absence or pOOl' quality of the 1'00f. A considera-
ble por~ion of the coal will undoubtedly be ultimately mined 
for local purposes by smaller mines. 
Up to the present time only about twelve square miles of 
territory havo been thoroughly mined out. Some of the region 
has never been prospected in any adequate manner, and during 
the present year a new mine has been opened in coal running 
from four to seven feet in thickness on land which had once 
been prospected and declared valueless. Recently considerable 
bodies of coal have been located and several new mines have 
been opened so that the prospect of the camp seems now quite 
good. 
There is here but the ODB coal horizon aud the irregular dis-
tribution of the coal along that horizon has already been men-
tioned. The coal found is of good quality and is in steady 
demand for steaming purposes. 
The conditions of deposition, as exemplified at 'Vhat Cheer, 
are characteristic of the Des Moines beds. The considerable 
amount of -prospecting and mining done here has made them 
better understood than elsewhere. The old limestone hills are 
seen to protrude through the coal measures which were laid 
down around them. 'rhe slow currents charged with; fine 
impurities have left their recOl'd in the ridges of bony coal, 
Figurc2!l Cutout In WbatClu~rNI>.5. 
and the action of swifter currents cutting out the new-formed 
beds ,wd depositing in their place sand and other material is 
seen in the various forms of ({ cut outs." Due of these gullys, 
probably of later origin, now filled with sand and shale, 
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has been noted in the 'Yhat Cheer No.5. It is represented in 
figure 29, in which the coal is cut off abruptly and the space 
occupied by sand. The face of t!le coal in contact with the 
saud is badly weathel'ed for a distance of several inches. The 
following is the section of the coal sealll: 
a. Shale, blnck, line grained, fissilo ..... _______________ 2 
2. CoaL _____________________________________ • _________ 6! 
1. Fire clay, fine, grey ________________________________ ! 
In the process of consolidation by which the soft, woody 
tissues were transformed into coal, there was considerable set-
tling. This has given rise to a large number of true faults 
which, howevor, are of insignificant throw and seem to have 
no relation to any general movement. This settling may also 
have caused certain of the II rolls " and" horse-backs" encoun-
tered at numerous points. The basins already described seem 
ill places to owe their form in part to this readjustment_ In 
general, however, the preexistent topography was probably 
their determining cause. 
Whnt Cheer Mines, 
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Wlmt Cl,cer .\fines-Colltinucd. 
'rhe principal operations in this district have been carried 
on by the What Cheer Coal Company, This company acquired 
control of several of the larger earlier mines and after they 
were worked out opened up five large mines of their own. 
Two of these, Nos. 2 and 3, have been abandoned for some 
time, while No.1 has only recently ceased to operate. Nos. 4 
and 5 are nearly worked out and the company is preparing to 
open up new territory northeast of town where a considerable 
body of coal has recently been located. 
Another of the larger mining companies of the district is 
the Crescent Coal Company. The two mines operated by it for 
some years past, the Vulcan and the Cory, have lately been 
abandoned. The plant is being removed to the liew territory 
recently developed by the company northwest of town where 
mine No.3 is now being opened. One of the borings put down 
at this point showed: 
. INCHES. 
3. Drift ••••••.•••• _____ •• __ ••••••• _. __ • __ •• _ ••• 107 \) 
2. Shale, bituminous "slate"._ •• _ •• __ ••• _ ..••• 19 
1. CuaL_ ..• _____ .. _ ...• __ ...• __ ._._._ •.. _____ •• 7 
There is, as usual, considerable variation in the thickness of 
the different strata. The coal runs from three and one-half to 
seven and one-half feet in thickness and seems to be covered 
over most of the field by a good thickness of "slate." 
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The North Star mine has been operated by \-al'ious firms for 
some years, supplying considerable coal for the local trade. 
Recently this, with cOl1sider~ble adjoining propmty, bas passed 
into new hands. The new company is preparing to develop the 
property and work it as a shipping mine. A number of borings 
haye been put down, and a· well pl'Otected seam of coal, running 
from three to six feet in thickness, and lying ahout 723 feet 
ahove sea level, has beon located. A representatiYe boring all 
the property is as follows: 
:'1. - Drift .••••••• __ •••••.•••.•••.. _ ••.•••.•.•••• __ • ___ 100 
2. Shale, bituminow:> ....•........... __ ..•....... _._. _ 23 
1. CoaL ...•. _. __ . ___ .. _ .•.•. _ .•. " ....•..............• 5! 
rrhe Thomas Brothers mine is a slope opened in 1893. The 
finn loads coal on the Burlington, Cedar Rapids & Northern 
railway, and also supplies considerable for the local trade. The 
coal lies at an elevation of 695 feet. Towers & Co. reach the 
same bed of coal by means of a shaft a short distance east of 
the Thomas slope. 'fhey also ship on the Bm'lingtoll, Cedar 
Rapids & Northern railway. 
The Morgan, Black Diamond and Thomas Armstrong are all 
small mines worked mainly for the local trade. 
The Pioneer Coal Company is located just south of Thornburg. 
The original mine was a small slope operated for local trade. 
Later, No.2 a shaft mine, was opened nOlth of here and the 
slope abandoned. The mine is now working and considerable 
coal is being taken from it. 
DEI,TA DISTRICT. 
The Delta ru:ea lies about six miles south of What Cheer and 
tbe two districts do not seem to be connected. Coal has been 
taken from several shafts and sIc-pes all located within a short 
distance of each other. At present only two mines are being 
worked. The Maltin Fisber mine ('fp. 75 N.,·R. XIII W., sec. 
14, Ne. qr., Ne. !) is a shaft fifty-five feet deep, the coal being 
about 712 feet above sea level. 'llhe Oharles Olive mine is a slope 
reaching the same bed of coal (Tp. 75 N., R. XIII W., sec. 14, 
Ne. qr., Se. i). The vein runs from fOI1l" to five and one-half 
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feet in thickness and is of an exce11ent quality. The quantity 
seems to be quite limited. 
In the Richland district, as has been explained, the' coal is· 
but poorly protected; the roof is thin shale and hence Duly 
small mines caD be opened. There is, accordingly, a large-
number of deserted shafts, only two mines being now in opera-
tion. The Smith mine is about four miles southwest of Rich-
land (Tp. 74 N., R. XIII W" sec. 31, Ne. qr., Se. iJ. The coal 
averages foul' feet in thickness. The roof is a gray clay -shale. 
from six to ten feet thick and requires considerable timbering, 
The section seen in"the mine is: 
INCHES • 
.t. Shale, light grey_ 
3. Coal, impure, shaly ________ • __ • ____ • ___ •••• 
2. Coal, withoutpartings. ___ •• __ , _______________ 4-
1, Fire clay, soft, white to grey ________________ 2 
The coal is more or less undulatory and shows in places step 
faults with a total displacement of six feet or more. A few 
clay seams and one or two I'pinch outs" have been met with. 
The latter are in no case of great extent. Near this mine is a 
number of deserted shafts. It is customary, in thiS: field, to" 
work only a small area from each shaft, and when any difficulty 
is encountered the mine is abandoned and a new one openl:ld. 
In this way as many as five shafts have been sunk on a forty 
acre tract. 
About one mile east of the Smith mine is the Cordis mine, 
which is on a branch of Richland creek. This mine works in 
coal similar to that at the Smith mine, and it probably belongs 
to the same coal horizon. The roof here is of the same 
character and the coal from three to four feet thick. The lire 
clay under the coal "is said to be fifteen feet in thickness. In 
the vicinity are also mallY abandoneu mines. 
The Sigourney region has already been quite fully described. 
There are now only two mines in operation here. The Rowley 
lIlille (Tp. 76 N., It XIII W., sec. 24, Sw. qr., Ne. tJ and the 
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Wel·tz mine (sec. 25, Nw. <Jr., Sw. il. The coal in each is. 
from three to four feet in thickness and has usually a very pOOl' 
roof, it being necessary in some places to leave part of the coal 
to protect it. At the Rowley mine the following section was· 
taken. 
3. Shale, black fissile. ___ ._. _______ ._. _______ . _______ 1 
.) Coal. no partlogs _______________ .. _ ..... _______ . __ 31 
1. Fire clay {exposed) .. ___________________________ . __ . 1 
The old Branner mines. in which the coal was reached by 
drift, was located immediately north of Rowley's mine (sec. 24,. 
Nw. <Jr., Se. i). 
CLAYS. 
CHARACTER AND DISTRIBUTION. 
There are within the limits of this county three series of 
clays which are available for manufacturing purposes; alluvial, 
drift and coal measure. Along both branches of the Skunk 
river,_and to a considerable extent along their tIibutaries, as 
also along the South English and its tributaries, the first of 
these form.tions is well developed. The Skunk river bottoms 
are usually from two to foul' miles wide, this bottom land 
representing the flood plain of the river. This plain is covered 
with an alluvial deposit of fine homogeneous black earthy soil, 
varying in thickneSs up to twelve and fifteen feet. A very con-
siderable portion of this is of a grade not in the least inferior 
to :;tIl uvial matter elsewhBl'e worked up into the rougher grades 
of clay wares. There seems no good reason to doubt that it 
could also be used, though no sucb attempts have so far been 
made. 
The drift supplies the greater portion of the clays at present 
used. A very considerable porti~n of the drift here, as else-
where. consists of yellow and blue clays. throughout which are 
scattm'ed pebbles and boulders. At a nnmber of places this 
clay is found in beds of considerable extent quite free from 
gravel. This seems to be 1Il0re especially true upon the high-
lands where the upper portions of the clay beds are fouud. It 
is this portion which supplies the major number of brick and 
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tile lactories of the region. The clay usually varies from yel-
low through grey or drab to blue in color, and, while having 
numerous local characteristics, is, in the main, a quite plastic, 
easily worked clay wherever found. It Iim-ns to a good color 
and does not, as a rule, check badly in drying if reasonable 
care be used. It is especially valuable as a tile clay. It seems 
to be a deposit closely akin to the loess and probably geneti-
cally related to it. Very likely it is but a phase of that deposit, 
though differing from it in its plasticity, color and density. 
The coal measure clays and shales which are well developed 
over a portion of the county, are not as yet extensively utilized. 
At What Cheer, Thornburg, Sigourney and Delta, and also near 
Richland and Martinsburg, are clays which might be used to 
advantage. Tbe Des Moines beds of this region contain but 
one coal horizon. Below the coal found along this horizon is 
the usual bed of fire clay, while above is a bed of clay shale of 
varying thickness. • 
Besides being excellent for common brick and tile it is 
probable that the shale would work up into good paving brick. 
Practical testS have shown that the fire clay is, at most poiuts, 
of excellent quality and· well adapted to numerous uses. 
Increased use, and consequently increased value of the clay 
beds, may safely be expected in the not distant futnre. 
OLA Y INDUSTRIES. 
What Cheer. Wilson Brothers and Company operate a 
large brick and tile factory in the southern part of What Cheer 
on the Chicago & Northwestern railway. On the premises is 
an old mine from which it is intended to take fire clay. At 
present the drift or loessal clays alone are used. These are 
found on the premises and here contain a little gravel which is 
avoided as much as possible in mining. The clay is run 
through a Hoosier disintegmter and moulded on a No.3 Brewer 
machine. Some of the ware is dried under sheds, but the 
greater portion is run on tracks direct from the machine into a 
'furnace·heated brick dry-house 20xl02 feet in size, where it is 
kept about fifty hours and then carried on the same truck to 
the kilns to burn. Three down drafts and one cased kiln are 
used in burning. 
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Bolton Brothers operate a brick yard in the nOl-thel'll part 
of What Cheer. The clay used belongs to the loess formation 
and is of good quality, free from grayel. One horse l,ower Chief 
brick machine is used, and the ware, common brick, is dried for 
two weeks under open sheds. 'rIle bricks are burned in cased 
kilns, and are of a dark red color. The main portion of the 
output goes to an important local trade. 
SOll{h Bllf/fish. Lawler Brothers' brick and tile factory is 
located in tl,e southern portion of South English. 'I'IVO different 
Pleistocene clays are used. One is a dark blue clay of excep-
tional strength which is used for the larger sizes of tile. The 
principal output, however, consists of brick and the smaller 
sizes of tile which are made from a yellow to gray loessal clay 
found near the factory. This is quite free from gravel or other 
foreign matter. It is spaded and carted to the mill where it is 
re-spaded and tempered. The supply for oue day is prepared 
usually the day before. The ware is moulded on a McKenzie 
brick and tile machine and dried under closcd sheds heated by 
steam ,Pipes, where it dries in about one weele's time. 'rhree 
down draft kilns are used in burning. 
Delta. Mr. E. Whistler formerly operated a plant immedi-
ately north of Delta. The usual drift clay was used, being pre-
pared one afternoon for use the next morning. Due F. Clarke 
brick machine was used. The brick were dried in a closed 
shed and burned in cased kilns. The output comisted entirely 
of building brick consumed locally. Since 1893 this plant has 
llot been in operation. 
Sigol/rlley_ J. S. While owns a brick and tile plaut located 
two miles south of Sigourney on the Chicago, Milwaukee & 
Saint Paul railway. The usual loessal clay is here of a yel-
low color and about fifteen feet is taken. The clay is moulded 
as a stiff mud 011 a Brewer machine, and dried in closed sheds. 
In burning two cased kilns are employed, and wood is used for 
the ,fuel. Building brick and the smaller sizes of drain tile form 
the main output, though a few sidewalk blocks have been made. 
The trade is largely local. 
Hedrid·. F. W. Heidenreich operates a tile factory in the 
northern part of Hedrick. An altered loess of gr-d.y to yellow 
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color, occurring twelve feet thick, is used. It is moulded on a 
Brewer machine and dried in closed sheds. All sizes of tile 
from two and one-half to ten inches are made; but no brick has 
been turned out for two years. The clay used for tile is too 
strong for brick, and they were made of the top dirt. The 
ware is water-smoked with wood and then burned with coal. 
JI((rtillsburg. The Harbey &. Gaston brick and tile works 
are located just west of Martinsburg on the Iowa Central rail-
way. At this place both altered loess and coal measure clays 
have been used. The former is of the usual gray to yellow 
val'ieLy and is here quite clean. The fire clay is obtained from 
a small coal measure outlier two miles north of town on Steady 
Run. At present the main output of the factory is tile, wbich 
is mainly four·incb, though some threes and larger sizes are 
made. The:::e are made of the loess clay alone. The bricks are 
made of two-thirds loess clay and one-third fire clay, the COID-
bination producing an excellent building brick. The fire clay 
,vas tl"icd alone, and, while it makes a fine building brick, it is 
bere not sufficiently pure for a good grade of fire brick. The 
-clay is moulded on a Brewer machine. 'J.1he ware is dried in 
clu,ed ,heds and does not usually check badly. In hot weather 
there is some trouble, but it is obviated by covering the more 
exposed parts wit4 canvas. Two down drafts are used in 
burning. 
Ricldand. Or\'il Draper owns a brick and tile factory in the 
southwestern part of Richland. A loess clay, here -fifteen feet 
thick, is used. 'J.1he ware is moulded on a Brewer machine and 
dried under closed sheds, and afterward bUl'ned with wood in 
cased kilns. Brick forms the main output, though some tile, 
mainly fours and fives with a few threes and eight~J arc mnde. 
The trade is largely local. 
Keota. Clarke & Leacox at Keota use an altered loess clay 
similar in character to that used elsewhere in the county. It 
is moulded on a llennctt side delivery brick and tile machine 
and dried under closed sheds. The clay here checks even worse 
than usual, mid extreme cnre is necessa.ry in drying. Tile dry 
in from two to three weeks, while brick requires about a week 
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longer. 'rhe clay burns to a good color, three down draft kilns 
being used. 
BUILDING S'l'ONES. 
All the indul'ated rocks exposed within the limits of this 
county have at some time been more or less quarried. Nearly 
every portion of the county contains an abnndant supply of 
rock for all local purposes, and at a few points stone of an 
excellent quality occurs in quantities sufficient to warrant 
shipping. 
DES llOINES. 
The coal measures bere yield but little stone. At one or 
two points a sandstone referable to that age outcrops. It is 
usually too soft and incoherent to be of any value. At the mill 
·on the North Skunk river, two miles south of Delta, there is a 
heavy, red to yellow sandstone which has been used to some 
"extent about "the mill, "mainly in tbe construction of the dam. 
SAINT LOUIS. 
Of tho Saint Louis formation, which covers the greater por-
tion of the county, the upper or Pella beds furnish the best 
stone. The stone is of the compact, fine grained variety, 
usually of a drab color, and lies in ledges eight to eighteen 
inches in thickness. In the region southeast of What Cheer, it 
is exposed along the various streams usual1y to a height of 
seven to twelve feet. It has been opened up here at a number 
01 points, the quarries all showing stone 01 the same general 
character. The stone is used for local trade and the output 
varies greatly from year to year. The greater portion is used 
for foundation stones and well curbing. 
At the quaiTy of Terry Lotscher, two miles east 01 What 
Cheer (Tp. 76 N., R. XIlI W., sec. 11, Se. qr., Se. 1) the surlace 
of the stone has an elevation 01 730 feet, rising ten feet 
above the bed 01 Rock c!·eek. On Smith creek, two miles east, 
stone is also quarried at about the same level. The rock 
quarried north of Sigourney belongs in pari to tbis division 
and in part to the upper portion 01 the Verdi; the two grading 
into each other. The section at the Rowley quarry (Tp. 76 
N., R. XIII W., sec. 24, Nw. qr., Se. 1) is: 
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FEET. 
5. Clay, yellow, with bouldel's.~ •••• __ • __ ._. __________ 12 
.,I, Lime~tona, in thin, 2'inch layers ___________ •• ______ 4 
3. Limc"tone, sulld ledge. ____________________________ I 
2. Limestono. ______________ .' ______ . _______________ ._ 2 
I. Shale, black .• _____________________ .... _________ __ l 
In ledge No.4 Rh!!lle/wl/ella OlllWi/HI 'Vhite, and other Saint 
Louis forms occur. This quany supplies considerable stone for 
local purposes. Stone has also beeu quarried a shorb distance 
west of here (sec. 23, Ne. qr., Ne. 1). This quarry iS,not now 
in operation though considerable rock has apparently been 
taken h'om it. Stone has also been quarried northwest of 
Sigourney (Tp. 76 N., It XII W., sec. 34, Nw. qr., Ne. t) and 
(Tp. 75 N., R. XU W., sec. 2, Nw. qr., Sw. i). These quarries 
work stone belonging to the Verdi beds, the sandy membm' as 
also the brecciated limestone being present. 
The Verdi beds have been opened up at a number of 'points, 
usually for obtaining stone for immediate purposes, as north of 
Nugent (Tp. 74 N., R. XIII W., sec. 12, Nw. qr., Ne. oi) where 
stone was taken out for the piers of a neighboring bridge. 
The Verdi does not furnish as much good stone as the Pella 
beds, since the brecciated and soft sandy members form so COll-
sidel'able a portion of the whole formation. 'l'he Verdi was at 
one time quite extensively quarried by the Chicago, Rock 
Island & Pacific railroad a mile east of Atwood, the stone being 
used to some extent for bridgework, but mainly for ballast. 
The very irregular character of the ledges and the softness of 
the sandy members caused the effort to be abandoned. 
The Springvale beds yield some stone. At the typical local-
ity stone from this formation bas been used in dam work. 
North of Hayesville at Coullor's quarry (,fp. 75 N., R. XII W., 
sec. 15, Se. qr., 8w.1) it is also worked slightly. The stone hero 
is in part a soft yellow, earthy limestone and in part a sand-
stone. The 1atter is the more prominent facies in a small 
quany north of Richland (Tp. 75 N., R. X W., sec. 35). At the 
Cook quarry north of Ollie the Springvale must be stripped off 
to reach the Augusta. It is, however, too soft to be of any 
value. 
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AUGUSTA. 
The best quarry stoue occurring in the county is found in 
the Augusta formation. This is It hard sub-crystallin.e lime-
stoue occurring in buff, blue aud white colors. It runs III e,le11 
ledges of good workable thickuess. It is .easilY dressed an.'1 
stands exposure excellently. Polished speClmens shm~ tha~ It 
is well adapted to certain kinds of monull1ent,al and mtenor 
work. 
While the area occupied by tbe Augusta is in this couuty 
quite limited, the stone is readily accessible in large quantities. 
It has been opened up principally near the mouth of Rock 
creek north of Ollie. Quarries are now operated for local pur-
poses only. S. C_ Cook opened up a quarry here and built a 
switch connecting it with the Iowa Central railway at Ollie. 
The quarry has not been worked for some time but is to be 
reopened shortly. 
Across Rock creek from this opening is the Riley Fye quarry 
which supplies the principal local trade. Nearer the mouth 
of the stream is the Fye Brothers quarry, and the Weber 
quarry, the latter supplying the stone used at the Mauhattan 
milldam. 
SOILS. 
There are two well marked soil types in this county, both of 
which are derived from the Pleistocene deposits. The indu-
rated rocks are exposed so rarely that residual soils are not 
found. While there is considerable variety in the glacial 
deposits the variety does not extend very largely to the soils. 
Sometimes at or near the close of the glacial period the uplands 
become covered by a mantle of loess. This has since been 
altered considerably and forms the more common soil type. 
The upper portion is oxidized and mixed with humus, giving it 
usually a black appearance as seen in the field. The subsoil is 
a fine grained, usually tough, gray clay. It is normally free 
from gravel and seems to be an altered form of the loess which 
has lost its porosity to a considerable extent. Indeed, this 
change has advanced so far that where there is not a good 
natural drainage tiling must often be resorted to. Fortunately 
this Same material is excellent for the manufacture of tile. 
28GBep 
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The second soil type is the alluvium which. is found cover-
ing the bottom lands. It is simply the upper, blacker portion 
of the soil just described, and which has been washed down 
from the hills and re-deposited. Tltis re--deposition has given it 
a IOOSB, open texture. It is usually of considerable thickness, 
and since it lies down close to the water does not readily dry 
out. In some places it must be undet,-tiled. 
Along the upper hillsides the soil proper has frequently 
been washed away, leaving the boulder clay exposed. This is, 
however, rarely the case except upon hillsides steeper than are 
cultivated, so that the boulder clay need not be considered as a 
soil. 
WATER SUPPLY. 
This county is well watered. The two river systems~ with 
their numerous tributaries, supply an abundance of water for 
general and stock pnrposes. The thick mantle 01 drift with 
the diverse character of the different layers, makes it easy to 
obtain a good well at almost any point. At Sigourney there 
~re several well marked water horizons in the dlift. They are 
at depths 01 twenty-five, fifty-five, seventy and eighty-lour to 
ninety-eight feet. In the first three cases the water is 
encountered in loose gravel or gravelly clay beds lying above 
layers of "hard_pan" or "gumbo," while in the remaining 
instance the water-bearing gravel iies above the Saint Louis 
limestone. 
It is rarely necessary, in any part of the connty, to go into 
the older rocks for water. The Saint Louis is, however, usually 
water-bearing, a good supp,ly being found in the soft sandstones 
lying between the limestone bands. Two such wells have been 
sunk at Keswick and similar wells have been bored at other 
points in the neighborhood. 
The coal measures rarely furnish good water, a fact causing 
serious difficulties in mining regions. At What Cheer exten-
sive prospecting has-so far failed to reveal any good supply and 
surface waters are used. The Augusta is not water-bearing. 
Two deep wells have been sunk in the county, one at What 
Cheer and one at Sigourney. Neither proved to bo flowing 
wellsl though in each case SOllIe water was found. At the laUer 
. ,,:. .1 
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point a vein of mineral water with a strong odor was encoun· 
tered at a depth of 1,320 feet. At 1,360 feet in the same stone 
a strong current of fresh water was struck which increased in 
force down to 1,338. This water flowed over the top while the 
drill was in Illotion, but nmY stands within about thirty feet of 
the top. It is of excellent quality and is unlimited in quantity, 
but it has neYer been used to auy great extent. 
WATEH. POWER. 
The fuller utilization of the power of our streams is a sub-
ject which is now attracting considerable attention. In the 
earlier days when distance was more considered, industry less 
closely organized, and manufacturing methods more primitiye. 
the streams of this region were more completely utilized. At 
nearly every available point dams were built and the power 
made to grind grains or weaye wool. The advent of railroads 
and the introduction of more expensive machinery, dealt a 
death blow to these industries, till to-day for one such mill in 
operation t"hers are many which are abandoned. Yet the 
streams have as much power as before, and power is probably 
in even' greater demand than in earlier times. The problem is 
how economically to use the power. In many portions of the 
country the solution is being found in the introduction of 
electricity. When power is transformed to electricity it may 
be easily and cheaply transferred to some distance and applied 
to a variety of purposes. More usually it has been used directly 
as electricity in lighting. 
The gradient of the Skunk rivers is quite low so that the 
power must be gathered rather by numerous smaller dams than 
by a few large ones. On North Skunk there are five mill sites, 
two of which, the Delta and the Black Hawk, are now in use. 
'['he remaining three have been abandoned. On South Skunk 
there is olle mill site now used, the Manhattan, and two which 
are abandoned. At present not to exceed 240 horse power from 
this source are used. With Yery little expense about 1,000 
horse power could be obtained. The experience of a Dumber 
of years has shown that it very seldom occurs that there is not 
sufficient water in the riYer to meet all demands, and it seems 
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not improbable that sooner or later this waste power 'win be 
economically applied: 
ROAD MA'l'EUIALS. 
The "alue of good roads is becoming more and more gener-
ally recognized, and studies of their construction and the 
materials available are becoming popular. In Keokuk county 
there ate two materials which arB readily available, stone and 
clay. 'llhe gravel beds are of local extent only. and while of 
considerable value when found are badly scattered. The stone 
used must in the main be limestone since most of th'e sandstone 
is too soft. Nearly all the limestone found in the county could 
be readily used for macadam work. Certain of the Saint Louis 
strata are especially valuable owing to their hard compact 
nature. The distribution of these limestones has already been 
given in considerable detail. 
In some quarters milways have used bmned clay as a bal-
last. It is easily and cheaply prepared and makes a fine road 
material. Immense quantities of suitable clay are found all 
over the county. 
Near What Cheer the old dump heaps of deserted mines are 
being used to some extent on the roads with excellent results. 
LIME. 
Formerly lime was burned from both the Augusta and the 
Saint Louis formations at a number of points. Of recent years 
the competition of more favored lime regions in the eastern 
part of the state has caused the abandonment of most of these 
kilns. At present only one is in operation, that of Mr. J: F. 
Kline near Hayesville. The stano burnod is from tho middle 
Saint Louis and a fine grained lime of good strength is obtained. 
)IINERALS. 
Keokuk county is not a mineml district and any expecta-
tions of sudden wealth based upon discoveries of precious 
metals must lead to disappointment. Gold has been found in 
limited quantities at a few points in the drift or in rocks from 
the drift.. It is not probable that it will ever be found in pay-
ing quantit~es. . 
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Through the Kinderhook, Augusta, Saint Louis, and even 
coal measures of this region there are bands of chert or quartz. 
It has recently been found that some of these at leasthenr silver 
in limited quantities, ODe specimen assa,yed being sa,id to have 
shown thirteen ounces to the ton. It does not, however, seem 
probable that these cherts will evor have any real value. 
MINERAL PAIN'!', 
Near Hayesville is a deposit of red ocherous clay which was 
at one time used locally as a crude paint. The deposit has 
never been developed. 
S'fA'!'JSTICS. 
The total production of the various minerals found in Keo-
kuk county is shown for the year 1893 in the fonowing table: 
Coal-
Amount-tons .................. ___ 270,350 
Value_ ••••• _ ••• _._ .. ____ .. ________ $421,153.00 
Clay-
Brick-
Amount__ _ _______ . _______ . 2,810,000 
Value _____________ .___ ____________ 20,280.00 
Tile-· 
Amount. __ ... _ .. ________ . __ .• __ .__ 3,080,000 
Value __ • ___ • ___ • __ .______________ 3l,750.00 
Building stone-
Amount-perches •• __ ._._ •• __ ._ .. _ 





In the preparation of this report help has been received 
from a large number of individuals. It is impossible to men-
tion aU of these by name. Among those, however, to whom 
tbe autbor is particularly indebte •. must be mentioned Captain 
Parker, 01 Sigourney; Mr. E. R. Gildroy, Mr. E. 11. Trescott, Mr. 
Samuel Gildlay, and Mr. S. W. White, of Wbat Cbeer. To 
tbese and tbe many others wbo bave so comteously helped 
sincere thanks are given. 
T. 74 
PAtJ1v-Lit • • b, A. HOEll & CO .• B.llo .. Md. 
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